Uncertainty and context pose fundamental challenges in GIScience and geographic research. Geospatial data are imbued with errors (e.g. measurement and sampling) and various types of uncertainty that often obfuscate any understanding of the effects of contextual or environmental influences on human behaviors and experiences. These errors or uncertainties include those attributable to geospatial data measurement, model specifications, delineations of geographic context in space and time, and the use of different spatiotemporal scales and zonal schemes when analyzing the effects of environmental influences on human behaviors or experiences (Kwan 2012 (Kwan , 2018a (Kwan , 2018b .
The literature still recognizes many gaps in uncertainty research in GIScience and geography, although considerable efforts have been devoted to conceptual and/or methodological developments to appropriately address these gaps. For example, Griffith et al. (2015) discuss pertinent issues that need to be addressed in spatial analysis, including impacts of uncertainty on spatial patterns and models, uncertainties arising from spatial data aggregation (related to areal unit definitions), visualization of uncertainty, and metadata for data quality. In addition, emerging sources of geospatial big dataincluding smartphone data, data collected by global positioning systems (GPS), and various types of wearable sensors (e.g. accelerometers and air pollutant monitors), volunteered geographic information (VGI), and/or location-based social media data (i.e., crowdsourced geographic information)inevitably contain errors, and their quality cannot be fully controlled during their collection or production.
Further, the uncertain geographic context problem (Kwan 2012 ) recognizes challenges in identifying the 'true causally relevant' spatial and temporal contexts that influence people's behaviors and experiences. That is, conventionally summarized values based on fixed and static areal units, especially those that are based on people's residential location or neighborhood, cannot be used to adequately identify the true geographic context or its true effects on individuals who navigate inhomogeneous spaces over time. As recent studies have shown, ignoring people's daily mobility and exposures to nonresidential contexts may lead to erroneous results when assessing people's exposures to, and the health impacts of, environmental factors (Kwan 2018b) . Advances in GIScience, especially in methods for collecting and analyzing big data collected via personal sensing and location-based services, enable more accurate delineation of individual-level real-time contexts and assessment of people's exposures to these contexts. To generate reliable geographic knowledge, these uncertainties and contextual issues need to be addressed as part of GIScience and geographic research endeavors.
To address these uncertainties and contextual issues, and to enrich geographic knowledge, the 2017 American Association of Geographers (AAG) annual meeting featured Uncertainty and Context in Geography and GIScience as one of its main special themes. This special issue is an extended effort to emphasize the importance of this theme and to further foster advances in this research area. It features seven papers that cover three main topics. The first topic is uncertainty issues arising from well-known geographic concepts, where the modifiable areal unit problem (MAUP) and spatial autocorrelation (SA) issues are addressed. The second topic is impacts of the uncertainty in emerging new sources of geographic big data on geographic analysis; specifically, VGI for road network and geo-tagged tweet data are discussed here. The third topic is the uncertain geographic context problem (UGCoP), which is further investigated and addressed. A brief summary of the seven papers included in this special issue is provided in the following discussion. Lee et al. (2019) revisit and extend discussion about uncertainty issues related to the MAUP focusing on how SA is convoluted with it. Although the literature has shown that these fundamental phenomena in GIScience have an impact on each other, how they affect each other remains elusive. Unlike many papers in the literature that utilize a set of empirical variables, their paper examines a wide range of SA values with Moran spatial eigenvectors in an extensive experimental simulation. Their analysis results confirm that an initial SA level at the finest spatial scale makes a substantial difference to MAUP effects. They also explore how a SA measure, namely the Moran coefficient, behaves in terms of scale and zoning effects, although the existing convolution still is shown to make generalizing uncertainty patterns difficult. Jung et al. (2019) argue that a popular SA measure, again the Moran coefficient, should be cautiously utilized when uncertainty is present in the observations. Whereas American Community Survey (ACS) data are widely adopted to explore neighborhood effects on a geographical phenomenon, uncertainty in ACS data that mostly arises from sampling error often is not recognized or incorporated in the spatial analysis. The authors adjust the Moran coefficient to incorporate margins-of-error for ACS data based upon the framework of errors-in-variables, and also derive its expected value and variance. They show that SA patterns can be substantially different when the uncertainty in ACS data is incorporated in an examination of teen birth rates in Mecklenburg County, North Carolina. This paper suggests that spatial patterns generated with ACS data can be misrepresented if their uncertainty is not considered.
Through a study of substance users' exposure to psychosocial stress, Kwan et al. (2019) examine how differently delineated contextual areas may lead to different exposure estimates. This study uses GPS data collected from 47 outpatients with substance use disorders in Baltimore, Maryland, to assess their exposures to environmental stress based on two variables: community socioeconomic status, and crime. It compares seven different methods for defining individual activity space using 35.2 million GPS tracking points collected from the participants. The results indicate that the different methods yield different exposure estimates, which may lead to different conclusions in studies using only one method. This study has important implications for future research about the effect of contextual influences on health behaviors and outcomes: whether or not a study observes any significant influence of an environmental factor on health may depend upon what contextual units are used to assess individual exposure. Huang et al. (2019) investigate uncertainty in detecting activity zones of individuals using digital foot print data from social media sources. Sources of errors in activity zone detection include the reliability of social media data, methodological limitations, and representations (or delineations) of activity zones. Focusing on a methodological limitation, they propose the multi-scaled extension of the popular density-based spatial clustering of applications with noise (DBSCAN) method, which is criticized because of its sensitivity to parameter settings, but nevertheless popularly utilized. They argue that the proposed method, which allows localized parameter settings for each activity zone, outperforms other popular detection methods, and can reduce noise considerably in detection results.
Through a case study of criminal ex-offenders, Curtis et al. (2019) examine how more meaningful and nuanced individual geographic contexts can be identified and incorporated into a spatial analysis based on qualitative and mixed methods. In this study, the sketch maps and spatial video geonarratives (SVGs) of 11 ex-offenders that identify high crime areas of their communities are compared. The results indicate that SVGs consistently help generate spatial data at finer scales, and identify more relevant locations than the sketch maps. SVGs also provide explanations of the spatial-temporal processes and causal mechanisms associated with specific places. The authors conclude that use of SVGs can be a rigorous method for collecting data on geographic context for many phenomena.
To assess the quality of VGI, Delmelle et al. (2019) evaluate the agreement in travel impedance between estimates from Mapquest Open that is based on OpenStreetMap (OSM) data, and estimates from two other popular commercial providers, namely Google Maps and ArcGIS Online. Using a simulated dataset for the road network of the state of North Carolina, this study simulates potential routes, estimates their travel impedance using a routing service Application Program Interface (API), and extracts the average number of OSM contributors for each route. The results reveal a strong correlation in travel impedance among the three road networks, and imply that travel impedance agreement is the greatest in areas with denser road networks, and the smallest for routes of shorter distances. This study concludes that larger groups of VGI contributors hold higher potential for validating and correcting inherent errors in VGI datasets.
To go beyond context as an abstraction, and to address the need to formally operationalize the notion of context for research purposes, Radil (2019) develops a multi-scalar framework for use with social network-based statistical models called exponential random graph models (ERGMs). This framework emphasizes the importance for both geographic and social contexts of the agency, while also recognizing place-specific and larger-scale influences. Using network data about World War I, the author generates a series of ERGMs to demonstrate the importance of multiple types of contexts to a set of observed outcomes. This paper confirms the value of continued engagement with a wider range of theories and approaches pertaining to how and why context matters.
Although these seven papers address different topics using different approaches, they highlight many challenges and opportunities in addressing various issues of uncertainty and context in GIScience and geography. We hope this special issue illustrates how cutting-edge research explores recent advances in this area, and will serve as a useful point of departure for GIScientists to conceive new approaches and solutions for addressing these challenges in future research.
